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INTRODUCTION 
The Pyrenomycetes are a large and diverse group of 
Ascomycetes which form a layer or bush of unitunicate or 
bitunlcate club-shaped or cylindrical asci within an 
ascocarp that usually has an ostiole through which the 
ascospores are released at maturity. 
There is not complete agreement as to bases for de­
limitation of taxonomic units within this group of fungi. 
Taxa have often been erected on the basis of characteristics 
which vary with environment, but workers have frequently 
suggested that taxonomic relationships should be made on 
the basis of more stable characters, 
A system of classification using ascus structure and 
centrum development as stable characters has been suggested 
by Luttrell (1951)« Many investigations of the develop­
mental morphology of specific pyrenomycetous fungi must be 
made, however, before the feasibility of this system can 
be adequately demonstrated. 
The stromatic Sphaeriales is a group of Pyrenomycetes 
with true perithecia in which the perithecial walls and 
stroma are dark and leathery or carbonous. Luttrell has 
suggested that some members of this group have a Xylaria 
type centrum, and that since the type genus of the 
Sphaeriales, Sphaeria, is no longer valid, the group should 
properly be named the Xylariales, with the type genus being 
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Xylarla. 
One of the poorly known members of the Xylarlales is 
Anthostoma gastrlnum (Fr.) Saoc., a fungus with true 
perlthecla embedded in groups within a stroma immersed in 
the substrate. No information was available concerning 
its centrum development. 
The composition and position of the stroma of A. 
gastrlnum are those characteristic of the Diatrypaceae, 
but the structure of the perithecium, ascus, ascospore, and 
the ascospore arrangement within the ascus are more character­
istic of the Xylariaceae. This fungus, then, could be a 
transitional link between these two families. Further 
study of its centrum development might elucidate that 
relationship as well as serve as one more test to Luttrell's 
system of classification. 
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LITERATURE REL/IEW 
anthostoma gastrlnutn (Fr.) Sacc. was first described 
by Fries (l823) as Sphaeria gastrina Fr. in his order 
Pyrenomyceteae, family Sphaeriacei. Saccardo (1882) 
placed the species in the genus Anthostoma in the Allanto-
sporae section of the Sphaeriaceae. 
Nitschke (1867-I870) divided the genus into two sub­
genera: Euanthostoma for those forms with an effuse stroma 
and that inhabit decorticated wood, and Lopodostoma for 
those whose stroma are more restricted and which inhabit 
the corky areas of the substrate. He named Anthostoma 
gastrinum (Pr.) Sacc. as the type species of the subgenus 
Lopodostoma. 
Ellis and Everhart (1892), working with American pyreno-
mycetes, placed Anthostoma in the order Pyrenomyceteae, sub­
order Sphaeriaceae, family Diatrypaceae, and recognized two 
divisions of the genus. They referred to one division 
with an effuse stroma as Euanthostoma; the other division 
was characterized by a discrete tuberculiform or valsoid 
stroma but was not given a name. 
The pyrenomycetes were treated by Lindau (l897) as 
an order of the class Ascomyceteae in which the ascocarp is 
a perltheclum opening by disintegration or by an apical 
ostlole and containing a center composed of asci arising as 
a single layer or cluster in the base of the ascocarp. 
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usually having paraphyses. Within the Pyrenomycetesj, the 
Sphaerlaceae was a large and heterogenous group of species 
with true perithecla in which the perlthecial walls and 
stroma were black and usually carbonous. 
Traverso (1906) elevated the subgenus Lopodostoma 
to generic rank on the basis of stromatic differences plus 
the more or less regular valsold grouping of the perithecla. 
He used the generic name Anthostoma for the subgenus 
Euanthostoma. 
Wehmeyer (1926b) included the effuse and discrete 
forms in Anthostoma in the Allantosphaeriaceae, a family 
created by von Hohnel (1918) for all typical Pyrenomycetes 
with allantold ascospores, and in his "fourth series" of 
stromatic Sphaeriales which he described as an extremely 
heterogeneous group of organisms. Wehmeyer remarked: 
"The entire family of the Xylarlaceae, furthermore, is 
characterized by the same spore form and can be considered 
a further development of the Anthostoma type." 
Clements and Shear (1931) included Anthostoma In the 
family Sphaerlaceae, order Sphaeriales. 
Miller (1949) removed Anthostoma from the Allanto-
sphaerlaceae to the Xylarlaceae on the basis of the peculiar 
crown at the base of the ascus pore, which ends in a wide 
plug. 
Luttrell (1951) concluded that there was Justification 
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for Inclu'slon of Anthostoma in the Xylariaceae because the 
genus possesses asci and ascospores similar to other members 
of the family. 
However, Gilman and Tiffany (1952) placed the genus 
in the Allantosphaeriaceae rather than the Xylariaceae. 
In Munk's (1957) treatment of the Danish pyrenomycetes 
Lopodostoma and Anthostoma were recognized, but were placed 
in different tribes in the Sphaeriales. 
von Arx and Muller (1954) also recognized both genera 
but simply included them in the family Xylariaceae, as did 
Dennis (i960), 
Wehmeyer (1926b) stated that there are definite 
phylogenetically related groups within the stromatic 
Sphaeriales which could serve as a basis for classification. 
Shear (1926) commented that natural classification should 
be based upon evolution and development as interpreted 
from a knowledge of morphology, cytology, and life history 
of known organisms. However, he recognized that morphology 
must be the chief basis for a taxonomic system if it is to 
be of general application and usefulness. 
Miller (1949) contended that the criteria by which genera 
in the stromatic Sphaeriales have been erected may fluctuate 
with varying environments or ecological habitats, and that 
taxonomic distinctions should be based upon more stable 
characters such as ascus structure and centrum development. 
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Luttrell (1951) agreed with Miller's concept of proper 
taxonomic characters and proposed a system of classification 
of the Pyrenomycetes based primarily on ascus structure and 
centrum development. 
Luttrell recognized two kinds of asci: the bitunicate 
ascus surrounded by two distinct walls and the unitunicate 
ascus surrounded by a single wall. He characterized and 
gave examples of eight primary types of centrum development; 
four associated with the bitunicate ascus and four with the 
unitunicate ascus. He followed Wehmeyer's (1926b) definition 
of the term centrum as including the ascogenous hyphae, asci, 
and the sterile tissues occupying the perithecial cavity 
or locule within which the asci develop. 
On the basis of his interpretations of ascus structure 
and centrum development, Luttrell set up a classification of 
the Euascomycetes in which true perithecial forms with his 
Xylaria type centrum were included in a new restricted order, 
the Xylariales. Luttrell's concept of the Xylaria centrum 
was based on a relatively small number of studies. He 
recognized that the utilization of ascus and centrum 
structure characteristics as basic taxonomic criteria could 
be established only by intensive study of these structures 
in a wide range of species; ideally of each in a variety of 
environmental situations. 
The first study of the types of perithecial development 
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now known as the Xylarla type centrum was that of Dawson 
(1900) who reported that in Poronia punctata (L.) Pr. 
immature perithecia appeared as more or less spherical dark 
patches at different levels below the surface of the stroma. 
These patches were circular knots of hyphae containing large 
and deeply stained coiled hypha% the "Woronin's hyphae" 
described by Puisting (1867-68) for Eutypa, Hypoxylon, 
Diatrype and other members of this group. Pisch (I882) 
reported similar structures for Polystigma rubrutn Pers., 
Xylarla polymorpha (Pers.) Grev., Clavlceps purpurea Fr.j 
and three species of Cordyceps. 
Dawson (1900) stated that the small number of perithecia 
reaching maturity in the stroma of Poronia punctata resulted 
from abortion of many of the coils because of the lack of 
food material. She identified the stouter, deeply stained 
hyphae in the basal portion of the young perlthecium as 
young ascogenous hyphae, the remains of the coll. Lateral 
hyphae from the perlthecial wall continued to grow and a 
cavity was produced In the middle. Numerous septate filiform 
hyphae (the paraphyses) grew among the ascogenous hyphae, 
eventually filling the cavity of the perlthecium. The 
stouter ascogenous hyphae at the base apparently branched, 
producing more ascogenous hyphae; these in turn branched 
and produced ascl which eventually lined the perlthecium. 
Lupo (1922) described a very similar type of centrum 
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development for Hypoxylon cocclneum Bull., although she 
did not report the detail described by Dawson. 
Brown (1913) described Woronin hyphae in the center 
of tangled threads located beneath the surface of the 
fruiting body of Xylaria tentaculata B. & B. The cells of 
the hyphae lengthened, enlarged, and began to coil, AS 
the perithecium enlarged, the cells composing the Woronin 
hyphae rounded up and finally separated. Later, from some 
of these separate cells, branches grew which gave rise to 
ascogenous hyphae. 
Brown (1913) emphasized that the primary coil of Woronin 
hyphae is considerably irregular and that if one looked 
at a single section he might interpret one of the enlarged 
segments as an ascogonium, and one of the smaller ones 
touching it as an antheridium. He believed it possible 
that each cell was a degenerate female cell and, since each 
one gave rise to ascogenous hyphae, should be regarded as an 
ascogonium. 
In 1931j Vartichak demonstrated Woronin hyphae and coils 
in both Xylaria polymnrpha and Nummularia bulliardi Tul. 
In Oplodothella vacclnli Boyd, transferred from the 
Dothideales to the Sphaeriales because of possession of a 
true perithecial wall, Boyd (1934) reported that the perithecium 
originated from one or several coiled archicarps which were 
seen in a tangle of vegetative threads. The archicarp was 
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a multinucleate hypha which became septate and. elaborately 
coiled at the base. It had a definite basal portion, 
central cell or group of cells, and a long, slender apical 
region, probably a trichogyne. No fertilizing structures 
were observed, and the archicarp gave rise to ascogenous 
hyphae before disintegrating. 
Rogers and Berbee (1964) described ascogonial coils 
which were surrounded by a hyphal envelope and stromal 
tissue in Hypoxylon prulnatum (Klotz) Cke. They noted 
trichogynes, produced from coil cells, but no spermatizing 
structures were noted. The trichogynes ultimately degenerated 
and the ascogonial coils broke up into small ascogenous cells. 
Ascocarp expansion involved a sequential development of three 
kinds of space-making elements; deeply staining, parallel, 
vertical hyphae of uncertain origin, bladder-like cells, 
and closely packed hyphae resembling pseudoparenchyma. The 
ascogenous cells along the base and sides of the perithecium 
produced ascogenous hyphae and croziers. Th^- asci produced 
from the penultimate cells of the croziers pushed into the 
mass of space-making l#hse accompanied by the lysing of 
some of the cells. 
Rogers (1965) described the development of the 
ascogenous hyphae of Kypoxylon fuscum Pers. ex Pr. as 
arising as short outgrowths from 2-8 nucleate ascogenous 
cells located along the lower portion of the perithecial 
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wall. 
Several methods of culturing Pyrenomycetes to obtain 
all spore forms in known associations have been described. 
Wehmeyer (1923) grew Diaporthe oncostoma (Duby) Puck., 
Quaternaria persoonii (Pers.) Tul., Diatrype vlrescens 
(Schw.) Berk., Diatrypella frostii Pk., Valsaria exasperans 
(Gerard) E. & E., V. insitiva Ces. & de Not., Diaporthe 
furfuracea (Pr.) E. & E., D. albo-velata (B. & C.) Sacc. on 
twig cultures and nutrient media. He obtained perithecial 
development on twigs in oat agar culture for Valsa kunzei 
Fr.j Diaporthe albo-velata, and D. blnoculafca (Ellis) Sacc. 
^ehmeyer, 1924). 
Single spore cultures of Diatrype stigma (Hoff.) de Not. 
on 60 oatmeal agar developed the imperfect stage two months 
after inoculation (Wehmeyer, 1926a). Approximately five 
months after that, perithecia were produced on twigs of 
Acer saccharum Marsh, and Tllia americana L. Two or three 
periods of six to eight weeks at 10 C, alternating with 
a 25 C exposure, were required to initiate perithecial 
production. 
Miller (1961) successfully germinated ascospores of 
Hypoxylon spp., established pure cultures, but was never 
able to obtain stromal production in culture. 
Yokota (1963) reported that ascospores of Guignardia 
laricina (Sawada) Yamamoto et K. Ito required high humidities 
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and moderate to high temperatures to germinate, and lost 
their ability to germinate after 3-4 days. 
Hanlin (196I) succeeded in producing mature asco-
carps of Nectria gliocladioides Smalley and Hansen on 
complete mineral-medium agar containing 2^ glucose and under 
continuous daylight. He was later able to obtain ascocarps 
of Neuronectria peziza (Tode ex Pr.) Munk on cornmeal agar 
and also (1964) ascocarps of Hypomyces trichothecoides Tubaki 
on oatmeal agar. 
Lortie (1964) grew fully developed stroma of Nectria 
galligena Bres. with perithecia in eight weeks on whole grain 
and powdered bark agar. His cultures were from single 
ascospores. Inoculations on media such as potato-dextrose-
agar and malt agar produced sterile stroma and perithecium-
like bodies. 
Hayman (1964) reported culture methods for the production 
of the perfect stage of Rosellinia limoniispora E. & E. in 
petri plates by using potato-dextrose agar or YpSs. 
Rogers (1965) obtained germination of Hypoxylon fuscum 
Pers. ex Fr. ascospores in 24 hours by placing them on 
potato-dextrose plus yeast agar. Ascospores of Hypoxylon spp. 
are dark brown, elliptical in outline, with one side more 
or less flattened, all exhibit a lateral germ slit, and 
are surrounded by a hyaline outer wall which may not be 
conspicuous, the perispore described by Lowry and Sussman 
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(1958) for ascospores of Neurospora tetrasperma Dodge, 
Hypoxylon ascospores germinate by sending forth 1 or 2, 
less frequently 3 or 4, germ tubes from the germ slit. 
Germ tubes soon become septate and branch. Immature asco­
spores are uninucleate, but the nuclear condition of the 
mature spore is not known. 
Rogers (1966) soaked the stroma and adhering host 
tissue of Hypoxylon grenadense var. macrospora Miller in 
distilled water for 2-4 hours. He then positioned the stroma 
about one mm from the agar surface of an inverted petri 
plate. Ascospores were forcibly discharged onto the 2% 
malt agar or 2^ potato-dextrose agar with five g of yeast 
extract per liter in 24-48 hours at room temperature. He 
reported that the ascospores had no conspicuous perispore, 
and one to several germ tubes were produced directly from 
a germ slit. 
The outer wall of Daldinia ascospores was named the 
exospore by Rhoads (1918) and Child (1932). Rhoads described 
the dehiscence of the ascospore along a single central peri­
pheral line in both Daldinia vernicosa (Schw.) Ces. & de Not. 
and D. concentrica (Bolt.) Ces. & de Not. Child described 
the same structure as a longitudinal cleft through which the 
germ tube subsequently grew. Child further remarked that 
such a cleft is characteristic of most members of the 
Xylariaceae. 
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Hayman (1964) illustrates germination of ascospores 
of Rosellinia limoniispora E. & E. by a germ tube developed 
through a slit in one side of the ascospore. 
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MATERIALS AND METHODS 
During June, 1963, specimens of Anthostoma gastrinum 
(Fr.) Sacc were obtained from herbarium collections at Iowa 
State University. Field collections from Pammel Woods, Ames, 
Iowa and the Ledges State Park, near Boone, Iowa were made 
during July, I963. These collections were used to gain 
familiarity with the ecology and gross morphology of the 
species. During the summer of 1964, additional collections 
were made from Pammel Woods, from the following state parks: 
Woodman Hollow, Dolliver, Springbrook, Waubonsie, Backbone, 
Pilot Knob, and Port Defiance, from Yellow River State Forest, 
and also from areas around Lake Okoboji, Derby, Farmington, 
and Homestead, Iowa. In May and June, 1966, collections were 
made from Pammel Woods, Fort Defiance State Park, and Lake 
West Okoboji. 
Ascospore Germination 
Ascospores for ascospore germination studies were 
obtained from perithecia in stroma on oak twigs from the 
collections. After short pieces of twig were surface 
sterilized by dipping them into 95^ ethyl alcohol and then 
placing them for one minute into 30^ Chlorox solution, 
perithecia were dissected out under aseptic conditions and 
placed into a drop of sterile distilled water on a sterile 
slide. The perithecia were crushed and an ascospore 
suspension obtained. 
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The media used for attempts to Induce asoospore 
germination were a low sugar potato-dextrose agar, corn 
meal agar, oak Infusion agar, 2.°/o water agar, and combinations 
of these. The oak Infusion agar was prepared by boiling 140 
g of dead Quercus alba L. twigs in water for several hours, 
and making a medium of 400 ml of oak extract, 5 g dextrose, 
15 g Bacto-agar, and 600 ml tap water to make 1000 ml. 
The oak extract was prepared for one trial by allowing the 
twigs to soak in water for several days. 
Suspensions of untreated ascospores and ascospores 
that had been exposed to several periods of alternate 
freezing and thawing for various lengths of time were 
placed on the various media in Petri dishes, held at temper­
atures of 5J 15; 25; 30; and 40 C, and examined at one 
week intervals. 
Sterile ascospore suspensions were maintained in high 
humidity chambers prepared on slides with van Telghem cells. 
Suspensions of spores were sprayed on sterile oak twigs which 
were kept in sterile moist chambers. A series of spores in 
which wetting with water was alternated with air drying was 
prepared. Plates were prepared in which the spores had 
been exposed to 30$ sulfuric acid. Spores were put onto 
depression slides in water; the slides were held in a 
moist chamber containing green leaves. These plates were 
Incubated in the dark, thus increasing the carbon dioxide 
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concentration of the microenvlronment. A series of plates 
was prepared from spores that had been boiled for one and 
for two minutes. 
Sterile moist chambers were prepared by packing 
absorbant cotton into the bottom of large test tubes, adding 
water, and autoclaving at 15 pounds pressure for one hour. 
A portion of surface sterilized twig containing perithecia 
was placed in each chamber. 
After 21 days J perithecia from these twigs were 
dissected in drops of sterile water. The resulting ascospore 
suspension was sprayed onto plates of 2% water agar. 
Germinating ascospores were observed under the lOX ob­
jective of the compound microscope, picked off with a glass 
rod that had been drawn to a very fine point, and trans­
ferred to low sugar potato-dextrose agar. 
Cultural Studies 
Single germinating ascospores were plated on low 
sugar potato-dextrose agar, malt agar, corn meal agar, and 
oak extract agar. They were also put onto sterile oak 
twigs in sterile moist chambers. Single ascospore 
cultures were used as well as paired cultures that were 
transfers from two different single ascospores. 
Using a modification of the technique employed with 
Nectria galligena Bres. (Lortie, 1964), a whole grain 
mixture of wheat and oats in a ratio of 1:1 was the medium 
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used for one series. 
Cultures were placed, in a growth chamber at 25 C with 
8 hours of light alternating with 8 hours of darkness, 
in the greenhouse, and in the laboratory. Periodic examina­
tions were made. 
Additional cultures from portions of sterile stroma 
and from perithecia were prepared on each of the media. 
All culture plates were sealed with masking tape 
to reduce water loss by evaporation. 
Developmental Studies 
Stromatic material from the various collections in 
differing stages of maturity was dissected from twigs, 
killed and fixed in Graf IV (Sass, 1958). An ethyl 
alcohol-xylene series was used in dehydration and preparation 
of the tissue for infiltration and embedding in paraffin. 
Sections were cut at 10 microns, and stained in iron-
hematoxylin with a counterstain of fast green. Slides were 
left in the mordant of iron alum for four hours, in 
hematoxylin for 4-12 hours, and destained with ^  mordant-
-g water for 2-6 minutes (Sass, 1958) • The counterstain in 
fast green required about 45 seconds. 
Squash mounts of perithecia were stained with aceto-
orcein, proprio-carmine, aceto-carmine (Sass, 1958), or a 
combination of Wittman's acetoiron-hematoxylin with Hoyer's 
mounting medium (Bowen, 1963)• The cover glasses were 
sealed with Zut. 
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RESULTS 
Ascospore Germination 
Ascospore germination was induced only in experiments 
in which surface sterilized pieces of oak twig containing 
mature Anthostoma gastrinum (Fr.) Sacc. ascospores were 
placed into a sterile moist chamber. Twenty to 22 days 
were required for germination. 
The ascospores were 10-14 x 4-4.5 microns, l-celled, 
dark brown, and unequilateral to barely allantoid. One 
or two distinct oil drops could usually be seen (Fig. 39) 
in each ascospore. A distinct longitudinal cleft was 
visible at the beginning of germination through which 1 to 4 
germ tubes grew (Figs. 1, 2, 3j 4), but all of them did 
not develop.. The clear, outer perispore was split and 
Bluffed off from the germinating ascospore (Fig. 2). 
Germinating ascospores were later found in nature in 
debris on the outside of an oak twig containing stroma of 
A. gastrinum. The sequence of germination of these asco­
spores was the same as the ascospores germinated in 
culture. 
Cultural Studies 
Growth from single germinating ascospores produced 
colonies that grew slowly on the various media but produced 
a thick, white to yellowish mycelial mat within 1 to 2 
weeks. The cultures ranged in color from deep tan to dark 
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black, with the dark colors being more common as stroma were 
initiated. There were no apparent differences among the 
colonies produced on the various media except that the stromal 
areas in the whole grain cultures were more often produced 
on the grains rather than on the agar. 
Ambient room and greenhouse temperatures were adequate 
for good mycelial; stromal, and conidial production. 
Conidia were not produced in temperature ranges below 15 C, 
but stromal areas were produced after several weeks at 
lower temperatures. 
In agar culture, a conidiophore layer was produced at 
the surface of the stroma. The conidiophores were much 
branched; the conidia hyaline, filiform, straight to 
hooked, one-celled, single, and 10-20 x 1 microns. 
The effect of light on the cultures was negligible, 
either under the alternating conditions of the growth chamber 
or the diurnal periodicity of the greenhouse. 
Cultures growing on sterile sticks in sterile moist 
chambers produced stromal areas Just under the bark of the 
substrate. Pairing of cultures from two different single 
ascospore cultures produced no apparent differences in the 
resulting mycelial growth. 
Perithecia of •-.nthostoma gastrinum (Pr.) Sacc. were not 
induced to form in culture. The conidial structures that 
were produced were characteristic of the imperfect genus 
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Llbcrtella. 
Developmental Studies 
Stromal and perithecial development 
After invasion of an oak twig by hyphae from the 
germinating ascospore, possibly through a lenticel, a mat 
of hyphae was formed Just under the outer corky layer of 
the twig (Fig. 5). The number of nuclei per cell was 
difficult to determine. Nuclei were observed within the 
mycelial mat, and the cells were presumed to be uni­
nucleate. The hyphal filaments under the corky layer were 
densely stained with hematoxylin and appeared to have 
either a lysing or mechanical pushing action on the corky 
layer. These hyphae grew in an orientation perpendicular 
to the corky layer and parallel to each other (Figs. 5, 6). 
The hyphal mat, a young stroma, was a mixture of substrate 
and fungus cells, entirely entostromatic (Fig. l6). The 
hyphae in the upper portion of the stroma became pigmented 
and either lysed o r  raised t h e  corky l a y e r  (Fig. 9 ) .  
Enlarged, densely staining hyphae developed at various 
sites in the central portion of the young stroma (Figs. 7, 8). 
This filament (ca. 1 micron in diameter) was presumed to be 
an ascogonium that developed from a hypha, increased in 
size and began to coil. Within the same stroma was a 
group of similar hyphae that appeared to be slightly older 
ascogonia ( F i g .  7 ) .  
Pigs. 1-4. Germinating ascospores of Anthostoma gastrin urn 
(Fr.) Sacc. 
Pig. 1. Germ slit appears as dark line (x800) 
Pig. 2. One germ tube extending through germ 
slit; arrow indicates perispore (X1400) 
Pig. 3. Tvro germ tubes extending through 
germ slit (XI4-00) 
Pig. 4. Three germ tubes extending through 
germ slit; one germ tube branched 
(X14000) 
Pigs. 5-12. Developing stroma and ascogonium of Anthostoma 
gastrinum (Pr.) Sacc. 
Pig. 5* Young hyphal mat (stroma) under 
corky layer of substrate (Xl60) 
Pig. 6. Young stroma with hyphae perpendicular 
to corky layer of substrate (X280) 
Pig. 7» Young ascogonium fright), and slightly 
older ascogonium (left) (X440) 
Pig. 8. Young ascogonium (X1060) 
Pig. 9» Stroma erumpent through corky layer 
of substrate; perithecial initial with 
central cavity (X210) 
Pig. 10. Ascogonium composed of two coils (X560) 
Pig. 11. Ascogonium composed of four coils (X560) 
Pig. 12. Cross section of an ascogonium; 
apparently central hyphal filaments 
present (X560) 
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R young ascogonium was composed of two to six turns, 
each coil 4 to 5 microns in diameter. In some -sections it 
appeared that the hyphal coils surrounded central hyphal 
filaments (Pigs. 10, 11, 12). Large nuclei were present 
in some cells (Fig. 10) but, although some septa were seen 
(pig. 12), the number of nuclei per cell was difficult to 
determine. The coiled ascogonium increased in size, 
producing branches which were of slightly smaller 
diameter (l to 3 microns), and which were also densely 
staining with hematoxylin (Fig. 13)• The ascogonia were 
at first scattered rather uniformly throughout the lower 
half of the developing stroma; by growth of the upper 
portion of the stroma they eventually became distributed 
toward the base. 
The enlarged ascogonium (ca. 23 microns in diameter) 
became surrounded by deeply staining hyphae (Figs. 14, 15) 
that apparently originated from stromal hyphae. These 
appeared to be the beginnings of the perithecial wall and 
assumed a more or less parallel arrangement around the 
coiled ascogonium. Although many ascogonia were present 
in a single stroma (Pig. l6), few developed an enclosing 
hyphal mantle (Pig. 14) and became perithecial initials. 
The ascogonia progressively fragmented into smaller 
units grouped in the basal area of each perithecial initial. 
Individual cells were difficult to see (Pigs. 17, l8). 
Pigs. 13-18. Development of perithecial initials of 
Anthostoma gastrinum (Pr.) Sacc. 
Pig. 13. Young ascogonia embedded in 
stroma (X350) 
Pig. 14. Young perithecial initial (center) 
developing among abortive 
ascogonia (X350) 
Pig. 15. Young perithecial initial showing 
details of developing perithecial 
wall (XIOOO) 
Pig. 16. Several ascogonia embedded in a 
young stroma; fungal and substrate 
cells both present (X125} 
Pig. 17. Disassociated ascogonial units; 
one unit at lower right contains 
three nuclei (X350) 
Pig. 18. Disassociated ascogonial units at 
the base of a pyriform perithecial 
Initial (X350) 
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but at least three nuclei were present in some (Pig. 17, 
lower right). 
AS the perithecial initial enlarged, a cavity was 
formed in the center of the pyriform initial, probably as 
a result of intercalary growth of the wall cells (Fig. 19) 
with no accompanying proliferation of central cells. The 
units from the ascogonia, distributed along the base of 
the young perithecium, eventually branched to form a 
layer of ascogenous hyphae (Pig. 20). This layer 
continued to increase in size until finally a complete 
inner wall layer of ascogenous hyphae was formed along 
the bottom and sides of the perithecium (Fig. 21). 
Paraphysesj lateral branches from the wall vegetative 
hyphae, grew among the ascogenous hyphae and into the space 
at the center of the centrum. Soon young asci extended 
among the paraphyses (Pig. 20). The neck of the 
perithecium, well supplied with periphyses, was formed by 
this time by the growth of the wall of the perithecium and 
lysis of the disc that had extended through the bark of 
the substrate (Fig. 22). 
Three distinct layers of fungal tissue were now 
evident in the stroma. The portion of the entostroma 
adjacent to the perithecial wall was a thin, dark layer. 
The perithecial wall was composed of loosely compacted 
vegetative hyphae, with an inner densely staining hymenium 
PigSo 19-22. Development of young perithecium of 
Anthostoma gastrinurn (Fr.) Sacc. 
Pig, 19. A perithecial initial with space 
in the center of the centrum (X56O) 
Pig. 20. Longitudinal section through a 
young perithecium; paraphyses and 
young asci extend into the central 
cavity (X700) 
Pig. 21. Ti'/o sections of young perithecia; 
concentric rings of stroma, 
perithecial wall, and ascogenous 
hyphae are apparent (X6) 
Pig. 22. Longitudinal section of perithecium 
with neck and periphyses present 
(X350) 
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of ascogenous hyphae. One section of a young perithccium 
showed these three layers as concentric rings surrounding 
the central cavity of the centrum. Paraphyses elongated 
more rapidly than the young asci, and extended far into 
the central cavity (Pig. 21). 
AS maturation of the hymenial layer proceeded; the 
perithecial wall became more mature, and two wall layers 
could be seen: the outer of compressed, elongated, darkly 
pigmented cells, the inner layer of loosely compacted, 
large cells. By the time young asci in various stages 
of development were numerous, the paraphyses began to break 
down into an amorphous mass. 
When some asci within a particular perithecium had 
reached maturity, all evidence of paraphyses had disappeared 
(Fig. 23)• The mature ascospores were released into the 
centrum by the breakdown of the asci (?ig. 24), and were 
extruded in a sticky spore mass through the ostiole (Pig. 25). 
The necks of the perithecia within a single stromatic area 
converged in a "valsoid" arrangement (Pig. 26), and finally 
emerged in a single disc through the dark ectostroma. 
Although the ostioles from each perithecium were closely 
oriented (Pig. 29), each emerged separately from the stroma. 
The mature stroma was composed of two areas, A thin, 
black, basal, horizontal line delimited the inner portion 
of the stroma from the substrate. This portion of the 
Figs. 23-25. Maturation of perithecia of Anthostoma 
gastrinum (?r.) Sacc. 
Fig. 23. Perithecium with asci at various 
ages; paraohyses an amorphous mass 
(XI30) 
Fig. 24. Mature perithecium with ascospores 
released into central cavity (XI30) 
Fig. 25. Oak twig with cirrhi of ascospores 
extending from mature perithecia 
(X8.5) 
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Figs. 26-29. Mature perithecia of Anthostoma g&str-inurn 
(Pr.) Sacc. 
Pig. 26. Longitudinal section through stroma; 
mature perithecia with necks 
collectively erumpent through 
ectostroraatic disc (X7) 
Pig. 27. Longitudinal section through two 
stroi'iatlc areas containing 
perithecia; horizontal portion 
of stroma appears as black line 
subtending strornatic area; vertical 
portion of stroma appears on each 
side of stromatic areas (XS.5) 
Pig. 23. Paradermal section of two stromatic 
areas J each containing a group of 
perithecia and delimited^by a 
common stromatic line (X8.5) 
Pig. 29. Habitat view of groups of perithecia 
erupting through the bark of the 
substrate (X5.5) 
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Gtroma was effused throughout the invaded area (i''i[:. 27) • 
The inner portion of the stroma extended vertically, v/as 
erumpent through the bark, and contained groups of 8 to 
10 mature perithecia (g to 1 mm in diameter) in delimited 
areas of 2 to 4 cm in length (Fig. 28), 
Groups of perithecia occurred in a single stroma, 
also stromatlc areas coalesced and became delimited by a 
common delimiting line enclosing 80 to 100 perithecia. 
•".scus development 
AS the ascogenous hyphae proliferated inside the inner 
perithecia! wall, crozier hooks typical of many of the 
ascomycetes were formed (Fig. 30). A large nucleus was 
observed in the penultimate cell, and elongation of this 
cell was presumed to produce an ascus (Fig. 30). The ultima 
and basal cells may fuse and form still another crozier hook 
at the side of the penultimate cell, and branch hyphae may 
form. Thus, a number of crozier hooks were formed in one 
area and appeared clustered (Pig. 31). 
AS a result of the continuing proliferation of a 
ascogenous hyphae, asci at every stage of maturity were 
present in the hymenium (Fig. 32). 
The large fusion nucleus in the penultimate cell 
moved into the young ascus. A four nucleate stage was 
next observed and successive duplications produced eight 
nuclei. Many asci 40-59 x 4-5 microns, each with one large 
i'igs. 30-35- Development of asci and paraphyses of 
A n t h o 51 o rn a g a s t r 1 n u m (Fr.) Sacc, 
Pig. 30. Crozier hook with young ascus 
extending from the oenultimate 
cell (X620) 
Fig. 31. group of compacted crozier 
hooks (X620) 
Pig. 32. An hymenial squash containing 
asci of all ages; paraphyses 
present (X315) 
Fig. 33. Young asci with large fusion 
nucleij nucleate paraphyses 
(X315) 
Pig. 34. Nucleate, seotate paraphyses 
(X360) 
Fig. 35. Two ascij one completely filled 
with cytoplasm, the other with 
haploid nuclei and conspicuous 
oil drops (X67O) 
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fusion nucleus, were observed (Figs. 33; 36)j but no meiotic 
or mitotic figures were seen. The hyraenlum was well supplied 
with longj septate, nucleate, intact paraphyses at this 
time (Pig. 34). 
The dense cytoplasm of the developing asci contained 
large oil drops and presumably haploid nuclei (Pig. 35) • 
The haploid nuclei increased in size and stain affinity as 
the ascospores were cut out by free cell formation. Later, 
melanin pigments of the mature ascospore wall obscured the 
nucleus of the mature ascospore although oil drops could 
be seen (Pigs. 38, 39). 
The pore at the apex of the ascus, filled with a 
starchy plug typical of the Xylariaceae, was obvious when 
stained with iodine in potassium iodide while the ascus 
was still young (Pig. 39) and remained unchanged as the 
ascus reached maturity. The mature ascus was cylindrical, 
short stipitate, and 90-120 x 5 microns. The ascospores 
were uniseriate and remained in the ascus until it broke 
down upon reaching complete maturity. 
Field Studies 
The geographic range and substrate range of Anthostoma 
gastrinum (Pr.) Sacc. in Iowa were examined by including 
specimens from the herbarium at Iowa State University in 
addition to the collections made during this study. The 
following alphabetical county list includes all areas 
Figs. 36-40. Maturation of asci of Anthostoma gastrinuni 
(Pr.) Sacc. and associated conidia 
Pig. 36. Young asci with granular cytoplasm 
and large fusion nuclei (X1200) 
Fig. 37• Young ascus with ascospores forming 
by free cell formation; each 
ascospore contains one haploid 
nucleus (X1200) 
Fig. 38. Mixture of ascospores and conidia 
from the surface of bark near 
a single stroma (X800) 
Fig. 39• Mature and immature asci v;ith 
Xylariaceous plug in the pore 
stained with iodine in potassium 
iodide (X800) 
Pig. 40. Conidial cirrhi extending from 
stroma embedded in substrate (X8.5) 
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in which the collections have been made and, where possible, 
the species of substrate on which the fungus was found. 
Many collections have been made from some areas, but 
only one collection from each is reported. 
County Substrate 
Allamakee 
Yellow River State Forest Quereus sp. 
Beuna Vista 
Wanata State Park 
J300ne 
Hoist State Forest 
Ledges State Park 
Delaware 
Backbone State Park 
Qo alba L. 
Que reus sp.; Qo_ alba L. 
Carya ovata (Kill.) K.; 
Quereus sp. 
Que reus sp.; Qo_ alba L.; 
va rya ovata (i^il'l.} K. 
Dickinson 
Iowa Lakeside Laboratory 
Milford Woods 
West Lake Okoboji 
Q.uercus niacrocarpa Michx. 
macrocarpa M^chx. 
Q. rr.acrocarpa Michx.; _Q^ 
rubra L. 
Dubuque 
White Pine Hollow State 
Forest 
Emmet 
Fort Defiance State Park 
Fremont 
Waubonsie State Park 
Guthrie 
Springbrook State Park 
Hancock 
Pilot Knob State Park 
Ulmus sp. 
Quereus rubra L. 
Quercus so.; _Q._ macrocarpa 
MchXoi munlenbergi 
Engelm.; _Q^ velutina Lam. 
Quercus sp. 
Quercus sp. 
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Henry 
Gcodc State Park Quercua alba L. 
Oakland Mills State Park marylandica Muenchh. 
Iowa 
i-vmanaj Iowa Que reus so. 
HomesteadJ Iowa Quereus sp. 
Kossuth 
Call State Park alba L. 
Lee 
Farming ton J Iowa C.uercus sp. 
Shimek State Forest Quereus sp. 
Lucas 
Derby, Iowa Querous sp. 
Stephens State Forest Quereus sp. 
Story 
Maes J Iowa Quereus sp.j Q. velutina 
Lâm o; Garya sp. 
Inis Grove City Park Querous sp. 
Iowa State University Campus Querous sp. 
Pammel Woods Querous rubra L,; Gary a 
ovata CMill") K. 
Webster 
Colliver State Park Querous sp.; Carya ovata 
T^&ii.y %. 
Fort DodgeJ Iowa Querous sp. 
Woodman Hollow State Park Querous sp.; .ncer nigrum 
Mlchx. 
Winneshiek 
Decorahj Iowa unknown 
Van Buren 
Lacey-Keosauqua State Park Querous marylandioa Muenc 
Ao gastrinum commonly occurs on dead and partially 
decayed branches. Thus it was often difficult to determine 
the substrate species. 
although one sample was found on a dead branch that 
remained attached high in a tree, there was no evidence 
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that gastrinuni was parasitic, all other samples wore 
found on branches that were on the forest floor. 
Although gastrinuiTi was found on several different 
substrate species, no significant differences in the stroma 
were observed. The stroma in Quereus macrocarpa seemed 
to be smaller than in the other Quereus species, but 
dissection revealed that parts of the stroma were simply 
hidden under the rougher bark of the substrate. Stroma 
of the fungus on Garya ovata (Mill.) K. seemed to erupt 
consistently through the cracks in the bark. 
The fungus was found on small twigs and on large branches. 
The outer stromatic line delimited individual stromata with 
small groups of perithecia on the small twigs, but on the 
large branches the line delimited a much larger area which 
included many more perithecia. 
Conidial structures typical of the imperfect genus 
Libertella Lesm. were found on the same twig within a few 
centimeters of ri. gastrinum in the field (Figs. 25, 40}. 
Mixtures of these conidia and ^  gastrinum ascospores were 
often found in old stromatic areas (Fig. 38)« .The conidia 
occurred in long white cirrhi (Pig. 40) that originated 
from a conidiophore layer located in a discrete depression 
in the outer part of the stroma. The conidia were hyaline, 
filiform, straight to quite hooked, one-celled, single, 
and 10-20 x 1 microns; and appeared to be identical to 
43 
the conidia produced In cultures established from 
pastrlnuin ascospores. 
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DISCUSSION 
Attempts to produce ascocarps of Anthostoma gastrinum 
(Pr.) Sacc. were unsuccessful. Theoretically, mycelium 
from germinating ascospores should eventually produce 
ascocarps if the proper environment is provided in the 
laboratory. Since ascospores were induced to germinate 
and single ascospore cultures that produced a conidial 
stage were isolated, there remains the unsolved question 
of what factor or combination of factors are needed for 
ascocarp production. 
Hawker (1957), in her discussion of the effect of 
environment on sporulation, stated that the conditions 
which permit spore formation, especially sexual spores, 
are almost always of a more narrow range than those which 
permit vegetative growth. She indicated that there is a 
strong interaction among environmental factors, and 
modification of the actions of any one factor by the 
presence or absence of the other must certainly be taken 
into consideration in laboratory study of any fungus. There­
fore, the production of ascospores by ^  gastrinum could 
occur within relatively narrow limits of temperature, 
aeration, pH, humidity, water content, light availability, 
and nutrition, or any combination of these. 
Many factors (e.g. temperature, aeration, humidity, 
available light, and some nutrients) were investigated 
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during this study, but ascocarps were not induced. 
Presumably the proper factor or combination of factors 
was not achieved. Continued study by varying environmental 
conditions, particularily using media with known vitamin 
levels or with yeast extract as a thiamin and biotin 
source might be informative. The establishment of cultures 
in sterile oak twigs in test tubes with subsequent exposure 
to natural overwintering conditions might more success­
fully duplicate natural conditions. 
Genetic control of ascocarp production must also be 
considered. Hawker (1957) indicated that a series of 
stages in loss of sexuality in the major groups of the 
Ascomycetes can be traced. She indicated that in the 
most morphologically specialized situations, nuclei migrate 
from an antheridium to an ascogonium, and in the least 
specialized, a complete loss of specialized sexual organs 
exist. Between these extremes any degree of loss may 
occur in a specific ascomycete. However, a pairing of 
nuclei, whether male and female, both male, both female, 
one female and one vegetative, or both vegetative always 
occurs. These dikaryotic hyphae proliferate producing an 
ascogenous hyphal layer from which crozier hooks are 
produced. Fusion of the two nuclei composing the dikaryon 
follows, and asci are initiated. 
The method of establishment of the dikaryotic hyphae 
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in ^  gastrinum was not elucidated. Experiments in which 
single ascospore isolates were paired in culture were 
an attempt to determine whether or not the fungus was 
heterothallic• Since the pairings were completely random, 
and since the cultures were randomly obtained from various 
asci, there was no guarantee that the two cultures used in 
each case were compatable, even if the fungus were hetero­
thallic . 
—Evidence of antheridia or spermatia was not found 
in ^  gastrinum, but ascogonia which became elaborately 
coiled, eventually disassociated and produced an ascogenous 
hyphal layer were found in field collections. Evidently a 
compatible dikaryotic condition had been established, because 
crozier hooks and young asci with single large fusion nuclei 
were common. 
A. gastrinum shares characteristics in coinmon with 
members of two famollies of the Xylariales: the Diatrypaceae 
and the Xylariaceae. The stroma of the Diatrypaceae is 
submerged in the substrate and is composed only of fungus 
tissue. The stroma of ^  gastrinuni is embedded in the 
substrate and is composed of both substrate and fungal 
cells, thus resembling members of the Diatrypaceae. 
Mature ascospores in the Diatrypaceae are definitely 
allantoid and hyaline to yellowish or light brown; those 
of the Xylariaceae are inequilateral and dark brown to 
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black. Tile ascospores of ^  gastrinum are inequilateral 
and dark brown to black. 
Germination of the ascospore in species of the 
Diatrypaceae has not been reported to occur through any 
particular site, but germination through a longitudinal 
slit in the spore wall has often been reported in members 
of the Xylariaceae. ^ gastrinum definitely has sunh a 
germination slit. 
The ascus of members of the Diatrypaceae have long 
stalks; the Xylariaceous ascus usually has a shorter stalk. 
The stalk length of ^  gastrinum is more typical of those 
found in the Xylariaceae, but this is not a particularily 
definitive characteristic. 
The Diatrypaceae possess many members that have lobed 
perithecial necks. This sulcate condition is not found 
in the Xylariaceae, and is not possessed by ^  gastrinum. 
In the Diatrypaceae, the arrangement of the ascospores 
within the ascus is biseriate in the eight spored to an 
indefinite arrangement in the polysporous forms. In the 
Xylariaceae the arrangement is always uniseriate; in A. 
gastrinum the arrangement is also always uniseriate. 
The pore in the ascus of the Diatrypaceous fungi 
may contain a plug, but it does not give a positive 
starch test with iodine in potassium iodide, and is 
characterized by a refractive ring delimiting the pore. 
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The plug in the Xylariaceous ascus is massive and reacts 
strongly with iodine in potassium iodide to stain a dark 
blue. The ^  gastrinum ascus contains a plug which is 
typically Xylariaceous and does not have a refractive ring. 
The conidial stage of the Diatrypaceae occurs in 
discrete areas in the stroma. The conidial stage of the 
Xylariaceae occurs in a free conidiophore layer on the sur­
face of the stroma. The conidial form found in close 
association with ^  gastrinum in this study occurred in 
discrete areas in the stroma. 
A. gastrinum can be considered as a transitional form 
between the Diatrypaceae and the Xylariaceae. On the 
basis of evidence furnished by this study, placement of the 
genus into the Xylariaceae seems warranted. However, before 
such a placement can be made legally, the type species of 
the genus, Anthostoma decipiens (DC.) Nke. must be 
critically examined. 
The separation of Anthostoma into two genera, Anthostoma 
and Lopodostoma, does not seem justified. ^ gastrinum 
has been named as the type species of Lopodostoma (Traverse, 
1906) and recognized by von Arx and Muller (1954), Munk 
(1957), and Dennis (1960), but evidence accumulated during 
this study indicates that the stromal differences on which 
the distinction is based are to a very great extent 
dependent upon the substrate. The stroma of ^  gastrinum 
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may actually "be quite effused when the subtending black 
stromatic line is included. The more or less valsoid 
arrangement of perithecia of ^  gastrinum may be useful 
in separating species, but probably should not be used 
as a generic distinction because it is rather variable. 
Three pieces of circumstantial evidence indicate 
that the imperfect stage of ^  gastrinum is best placed in 
the form genus Libertella. The most direct evidence is the 
production of the conidial form in culture from isolates. 
that originated from single germinating ascospores of A. 
gastrinum. Secondly, Libertella was found in very close 
association with ^  gastrinum under natural conditions in 
two ways : mixtures of conidia and ascospores were found 
in the same stromal areas, and layers of conidiophores and 
perithecia with cirrhi of spores occurred within a few centi­
meters of each other on the same twig. Their mixed situation 
could result from the colonization of one fungus followed 
by another, different organism invading the same area. 
A. gastrinum was found in all oak-hickory stands from 
which samples were taken. The substrate range included 
several species of oak, and twigs or larger parts of other 
woody genera were also colonized. Present evidence indicates 
saprophytic development of the species as all samples except 
one were taken from the duff. Therefore, the fungus should 
properly be considered a saprophyte, with oak being the 
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most common substrate. 
The centrum development of ^  gastrinum is of the 
Xylaria type as described by Luttrell (1951)• The 
ascogonia are produced within a stroma. Neighboring 
vegetative hyphae surround the ascogonium and form the 
perithecial wall. Paraphyses grow inward from the inner 
surface of the wall. A central cavity is formed in the 
center of the perithecium which becomes pyriform as a 
result of hyphal growth in the apical region of the wall 
to form a neck which is lined with periphyses. The 
ascogonium produces ascogenous hyphae which grow along the 
inner wall over the base and sides of the perithecium. Asci 
derived from the ascogenous hyphae grow upward among the 
paraphyses to form a continuous hymenium of asci and 
relatively persistent paraphyses. This type of centrum 
development definitely places the species in the Xylariaceae, 
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SUMMARY AND CONCLUSIONS 
Germination of ascospores of Anthostoma gastrinum 
(Fr.) Sacc. was accomplished only when twigs containing 
mature perithecia were subjected to high humidity for 
21 days. 
Single germinating ascospores produced colonies that 
formed conidia best placed in the form genus Libertella. 
Very close associations of Libertella and ^  gastrinum were 
noted in field collections, thus present evidence indicates 
that Libertella is the imperfect stage of ^  gastrinum. 
However, the single ascospore cultures never produced a 
perfect stage in culture. 
Development of ^  gastrinum was traced from 
ascogonium to mature perithecium through study of 
sectioned material from field collections. 
The centrum of ^  gastrinum is of the Xylaria type 
(Luttrell, 1951). On the basis of characters of A. 
gastrinum, the proper placement of the genus would be in 
the Xylariaceae. However, the type species of the genus 
was not studied; therefore a decision about disposition 
of the genus into a particular family cannot be made at 
the present time. 
A. gastrinum shares characteristics of the 
Xylariaceae and the Diatrypaceae, and consideration of the 
genus as a transitional form between the two families 
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seems justified. 
The geographic range of ^  ^astrinum in Iowa included 
all oak-hickory stands from which samples were taken. 
The most common substrate was Quercus spp., although 
Carya ovata (Mill.) Koch, Ulmus sp., and Acer nigrum Michx 
also were found as substrates. No evidence of parasitism 
by the species was observed» 
Differences in species of substrate and size 
of portion of substrate produced superficial differences 
in the stroma of A. gastrinum. 
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